Abstract
years, silver-containing preparations have been known to have superior antimicrobial characteristics and successfully decreasing the incidence of burn sepsis. [1] [2] [3] [4] [5] [6] [7] [8] [9] These features are likely associated with the high microbial killing rate of the silver and minimal incidence of resistance reported.
6 Therefore the application of silver sulfadiazine becomes standard therapy in burn treatment. The major disadvantages of these agents include the instability, light sensitivity, as well as silver toxicity. To overcome these problems, several components have been coupled with silver (e.g. nitrate and sulfadiazine). 6 Along with the world-wide use of these silver-containing preparations (particularly silver sulfadiazine, SSD), many clinical problems have been also been encountered. For instances, painful dressing change, eschar pigmentation that mimicking wound infection, delayed wound healing due to production of proteases (e.g. metallo proteinase) that unexpectedly propagating inflammatory process.
6,9-13 Nevertheless, these unsatisfactory clinical experiences were minimally published. Further, such a circumstance has prompted the researchers to develop a new approach in burn management, including the so-called "Local Haemostatic Antimicrobial topical solution" (i.e. feracrylum).
Feracrylum is a water soluble mixture of incomplete ferrous salt [II, III] of polyacrylic acid containing 0.05 to 0.5% of iron in combination with the pharmaceutical solvent which is water or physiologic solution (0.85% solution of sodium chloride) the active principle content being 1-2% by w/v. Feracrylum is obtained by polymerization of acrylic acid inhibited by redoxsystem in aqueous medium at 50°C temperature. Feracrylum is in the form of glass like yellowish brown flakes. It is soluble in water, but not in organic solvents. The ready medicinal preparation of 1% aqueous solution has sour taste (pH 2.9-4.0) and is odourless. Feracrylum and its solutions withstand sterilization at temperature of 120°C and pressure of 1.5 atmospheres. Sterile aqueous solutions of the preparation are stable for a period of 2 or more years. Relative viscosity of 1% solution of feracrylum in comparison with water is 2.0-5.5 with molecular weight of 500,000-800,000 Dalton.
The mechanism of action of feracrylum is by the forming water insoluble multi-complexes with various proteins, including those contained in blood. Being an acidic polyelectrolyte, the preparation is highly active at pH 2.9-4. Due to the property of non specific coagulation between feracrylum and blood proteins, this preparation may be used to stop the bleeding through interfering the coagulation system as in haemophilia as well as in over dosage of anticoagulants administration. This was effective as feracrylum does not interfere with blood clotting process mechanism, neither with any steps in the normal coagulation process. The haemostatic effect of feracrylum is provided by the formation of a synthetic complex consisting of it's adduct with plasma proteins principally albumin on the wound surface. Large rubbery clot is formed as the solution of feracrylum and serum albumin mixed in-vitro. Like any other biodegradable polymers the feracrylum-albumin complex is broken down over a period of time. These subunits are excreted after then.
Feracrylum has a wide range of antimicrobial activity against both Gram positive and Gram negative microorganisms.
14 The observed antimicrobial activity of feracrylum makes it a very valuable haemostatic preparation in antiseptic condition viz. in industrial and domestic trauma, preoperative surgical preparation, suppuration of wounds, and irrigation of infected bleeding wounds, diabetic ulcers, haemorrhoids, secondary suturing and any other infected site requiring surgical haemostasis. In the presence of antimicrobialresistant strains of microorganism is one of the common reasons for the incidence of purulent-septic complications. The use of antibiotics for prevention of chronic infection foci has many short comings due to low sensitivity of microbes to the antibiotics and possibility of emerging new antibiotic resistant strains. The merit of feracrylum lies on its combination of the antimicrobial activity having no toxicity nor local-irritating action; let it applicable in prevention of acute, chronic and hospital infection particularly post operative wounds; thus, promoting wound recovery.
The effects of bacteriostatic, bactericidal and mycostatic of the drug were studied on a spectrum of 13 strains of microorganisms. It was observed that feracrylum 1% indicates a remarkable activity against Staphylococcus aureus, E. coli and the fungi C. albicans with complete elimination of viable count in 2 hours. Feracrylum provides an optimal environment that facilitates wound healing, decreases the rate of wound infection, and appears to be the trend of wound management in the future. [15] [16] [17] [18] [19] [20] [21] [22] As feracrylum is proven through phases in the trial to be a good antiseptic and haemostatic agent, the use in burn management referred to remain scanty.
The aim of this study is to see the safety and efficacy of feracrylum in burn management, particularly in deep partial thickness burn that subjected to spontaneous reepithelialization. In this study, we compared feracrylum (attributed to treatment) to SSD (as the 'standard topical application' in burn treatment, attributed to control). The hypothesis of interest in this study was healing rate in deep partial thickness (deep second degree) burn treated with feracrylum is shorter than SSD and the prevalence of wound infection treated with feracrylum is lesser than SSD treated.
METHODS
This was an open blinded and randomized controlled study. 23 The population was burned victims (male and female) admitted in Burn unit RSCM Hospital who were diagnosed partial thickness burn (second degree of burn) with symmetrical distribution in the part of body and wound of more than 10 cm in diameter. The inclusion-criteria were those of more than 1 year old. Should there clinically detected signs of critical burn (shock, inhalation injury with or without respiratory distress) then the case would be excluded. Pregnancy, women in child bearing period and patient with history of hypersensitivity to feracrylum and/or SSD would be excluded as well.
The distribution of burnt lesion should be more or less symmetrical in any part of the body. Feracrylum 1% solution, as the test-drug and silver sulfadiazine (SSD) 1% cream, as standard-control drug, were randomly allocated to each site (either left or right) of the body. In patients with a single lesion, the lesion was divided in three equal parts along its longitudinal axis; feracrylum and SSD were randomly applied to each opposite end parts of a lesion and plain gauze was applied in the middle as a divider to prevent interference of one to another side. Both feracrylum and SSD cream were topically applied following wound toilet and both of treated wounds are then dressed with tulle grass and sufficient-thickness adsorbent gauze. Dressing change was carried out every two consecutive days. The wounds were subject to evaluation up to eleven day.
A routine blood examination was carried out on the 1 st day of trial (baseline), and the Day-7. These laboratory data which consisted of hematology test, i.e. hemoglobin content (Hb), Hematocryte (Ht), white blood cells (WBC), platelet count and blood chemistry: serum glutamic oxaloacetic transaminase (SGOT), serum glutamic pyruvate transaminase (SGPT), blood urea nitrogen (BUN), creatinine, level of serum glucose and serum albumin, were all required to assess the safety of study treatment.
These subjects were monitored for signs and symptoms of adverse event at every study visit. Should there any adverse reaction, the subject was withdrawn from the study and promptly treated for the adverse reaction. All adverse events were recorded in the case report form (CRF).
Clinical evaluations were made at baseline (day 0), day 3, day 5, day 7, day 9 and day 11 of the study. The endpoint of primary efficacy was the percentage of epithelial-covered of raw surface (on day-7 and day-11 of study, respectively); this was reflected by reduction of the raw surface in size (centimeter square).
To achieve accurate wound measurement in the evaluation of wound size, the raw surface was calculated in such a manner as shown in figure 1.
Figure 1. Wound measurement method. Above: initial raw surface (A) reduced in size (B, C) as the process of re-epithelialization proceeded. Below: initial size of raw surface was outlined using red-colour permanent ink drawn in gridline transparent sheet on day 0 of the trial (A). The wound measured on day 7 (B) using blue-colour permanent inks drawn in a different transparent sheet provided, and green-colour permanent ink on day 11 of the trial (C). The use of different sheet in each drawn was to avoid investigator's subjectivity due to conflict of interest. The size of raw surface was calculated using Visitrak® (Smith and Nephew, USA); reduction of raw surface reflecting re-epithelialized area.
The infection was the next parameter subject to evaluation in this study. Clinically, the evidence of infection is observed and recorded on baseline and every following two days throughout the 11 day of the study. A patient was attributed to have infection clinically if these below criteria meet: 1) increased intensity of pain in burnt area, (2) inflammation (swelling and reddening) of burnt area, (3) pus formation and (4) fever. The criteria of infection met if at least 3 of 4 symptoms were noted. To obtain the information of bacteriological pattern available on the wound surface, a serial bacteriological examinations were carried out using swab method on baseline (day 0) and day 7 of the study.
The characteristic of wound bed as well as objective sign of epithelialization is obtained by histopathology examination performed on the day 0 and day 11.
Pain was evaluated during change dressing using WongBaker faces pain rating scale i (pain intensity rating scale, PIRS) and recorded in the CRF. In case of patient with a single lesion, the pain intensity measurement of each treatment group was impossible to be evaluated separately.
All collected data in this study was tabulated and analyzed for the Intention-to-treat (ITT) population. Percentage of re-epithelialization and raw surface area were both statistically analyzed by independent-t-test; while pain intensity rating scale (PIRS) by MannWhitney-U-test. These data is processed with SPSS ver.12.0 software program and all statistical analysis is at 5% significance level (2-tailed); using chi square test, whereas p < 0.05 is significant.
The study was approved by the institutional review board and all clinical investigations were conducted in accordance to the Declaration of Helsinki and Good Clinical Practice (GCP). Written informed consent was obtained from all patients who agreed to participate in the study.
Enrolled patients were assigned to receive study treatment based on random numbers provided by the sponsor.
RESULT
Eight admitted patients were enrolled with informed consent in the burn unit of RSCM Hospital as the subjects of this study. The study started on August 2005 and completed on December 2006. All patients were treated with feracrylum and SSD on each different side of the body. The overall patient disposition is summarized below in figure 1. Of the enrolled 8 patients, 1 patient was withdrawn; died due to respiratory distress as a complication of acute burn injury. There was no after treatment data for this withdrawn patient, therefore the assessment of efficacy on this patient was not conducted. No 4, October -December 2008 Feracrylum for deep partial thickness burn
Figure 3. Flowchart indicates the progress of patients enrolled in the study
The study population was at least middle-aged, with higher numbers of female than male. Demographic and baseline characteristics of the subjects in this study were summarized in table 1.
The safety of feracrylum was analyzed based on the information of all patients who had been exposed to -at least a dose of administration of -feracrylum as the trial product. This was descriptively evaluated on all occurring adverse events during the conduct of the study, and examinations of laboratory findings measured at baseline (day 0) and day 7. There was 1 (one) adverse event (dyspnea-respiratory distress) reported in one patient as it previously described. This adverse event resulted in death and was recorded as a severe adverse event (SAE). Platelet count of all subjects increased on day 7 compared to baseline. The complete laboratory finding is tabulated in Table 1 .
In the evaluation of the efficacy use of feracrylum, we found that feracrylum provided a greater size reduction of raw surface (higher percentage of re-epithelialized area) but in further analysis we found that such difference between two groups was not statistically significant ( Figure 4 and Table 2 ).The mean raw surface area measured in the feracrylum group and SSD groups were 38.38 ± 23.961 cm 2 and 38.52 ± 21.738 cm 2 , respectively.
We observed that the re-epithelialization in the two groups was achieved although these subjects in both of the two groups were exposed to bacterial population found i.e. Pseudomonas sp, Klebsiella pneumoniae, Staphylococcus epididimis, Enterobacter aerogenes, Bacillus sp and Acinobacter calcoaceticus which are the common populations found in burnt area as well as any other wound (Table 4 ). In fact, during the 11 days period of the trial, not a single patient experienced sign of infection clinically. We found that qualitative (bacterial strain) and quantitatively (the amount of bacterial population); the difference between two groups was not significant.
Enrolled n=8
Either left or right side 16200 (7108) 14000 (8400 -27600) 242714 (124914) 251000 (41000 - Note: one subject could be possibly infected by more than one microorganism.
The histopathology examination showed insufficient data, as the patients refused to carry out the procedure of biopsy. The only exam obtained from a patient show the characteristics of acute inflammation with no difference between the two treatments on the day 0.
The pain intensity rating scale (PIRS) indicated that the pain intensity during change dressing in consequent two days was comparable between feracrylum and SSD group (table 5) . 
DISCUSSION
The deep partial thickness burn is subject to spontaneous healing (re-epithelialization); since there is still intact dermal layer left as well as survived integuments. The management of this kind of injury is mostly conservative following the removal of non-vital tissue (eschar removal). The conservative treatment is to provide of a suitable environment which is conducive to let the process of re-epithelialization proceeded in a natural manner. The best environment is free from bacterial contamination -with no infection in particular in spite of warm, moist and well vascularised tissue.
The number of subjects recruited in this study was too small to produce enough statistical power to detect a significant difference between the treatment (feracrylum) and control groups (SSD). As there were only 8 subjects enrolled and of that there were only 7 evaluable subjects. One patient was withdrawn due to a severe complication of acute burn injury that resulted in death. Nevertheless, the overall result of the present study showed a favorable result on patients treated with feracrylum as compared to that treated with SSD.
In this study, the presence of granulation tissue observed as firm and pale tissue (termed as "healthy granulation tissue") was set as the target of therapy and this was suitable to indicate the process of epithelialization. Primary efficacy endpoint of this study was feracrylum ability to promote healing process in deep partial thickness burn, measured as re-epithelialization of the raw surface area. At baseline, raw surface area was comparable between groups (Table 3) . On day 7 it was observed that subjects in feracrylum-treated group had a greater mean percentage of re-epithelialization (70.53 ± 24.298) as the raw surface was getting smaller compared to SSD group (66.15 ± 25.080). An even greater difference mean value of re-epithelialization between the two groups was observed on day 11 (81.71 ± 28.922 and 64.64 ± 74.684, in feracrylum and SSD group, respectively). Such differences were not statistically-powered enough to be significant, however (Table 3) . Thus, further larger study is needed to confirm the benefit of feracrylum over the SSD. Yet, such differences of re-epithelialization area between both groups were clinically significant indeed. Such greater re-epithelialization in feracrylumtreated area indicates a better trend toward feracrylum in the treatment of partial thickness burn. This trial result is in line with that of a previous clinical study evaluating the efficacy and safety of feracrylum for dressing burn and other partial thickness wounds. 24 In the former trial conducted by Patel et.al involving 109 subjects suffered from wounds, chronic non-healing ulcers, burns, wounds <10% BSA, and post-operative infected wounds demonstrated a greater percentage of improvement in condition of wound and peripheral edema in those treated with feracrylum compared to those with povidone-iodine.
24
There was no significant difference in bacterial examination results on patients in both groups (Table  3) since both of feracrylum and SSD are known to have antimicrobial activity. 14, 25, 26 In this study we were not able to observe whether feracrylum exerted more potential antimicrobial effect than SSD due to insufficient data. In the end of study, it was observed that more subjects in the feracrylum group experienced less pain during change dressing compared to that of SSD group (Table  5 ). There were also more subjects in feracrylum group felt no pain at all compared to that of SSD group, though such difference was not statistically significant due to such small statistical power. This trend toward feracrylum is also in line with the clinical study conducted by Patel, et.al. 24 that showed a significantly smaller number of patients in feracrylum group (8.9% of study subjects) who experienced pain during change dressing, as compared to that of SSD group (75.5%). This is of great importance as the patients may be convinced in choosing medication which does not induce pain on its application; and the use of feracrylum was proven to be more comfortable.
One subject developed fatal complication due to the subject's severe burn condition, which was then resulted in death. Such adverse event was not related with the investigational drug, however. There was an increment of platelet counts in all of the remaining subjects on day 7, this was due to the haemostatic changes in the process of inflammation, where platelets plays an important role and such increases referred to the body's response to injury. This significant increment of platelet was not accounted as an adverse event.
A confirmative conclusion could not yet be withdrawn from this study due to the small statistical power. However, the result indicates that feracrylum was safe and well-tolerated in subjects with deep partial thickness (deep second degree) burn. From efficacy point of view, feracrylum solution 1% showed a clinically significant benefit over the SSD in re-epithelialization of deep partial thickness (deep second degree) burn. Yet, further larger study is needed to corroborate both statistically and clinically significant benefits of feracrylum in the treatment of deep partial thickness (deep second degree) burn as compared to SSD.
